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EXECUTIVE SUMMARY
Many aspects of the biology of prairie rattlesnakes, Crotalus v. viridis, in Alberta are not well described. We used mark-recapture to follow the reproductive histories of female prairie rattlesnakes, Crotalus viridis viridis, at two hibernacula in southeastern Alberta over a three year period (2004) (2005) (2006) . In addition, we used radio-telemetry to track the movements of females, revealing the location of several rookeries where gravid females were aggregated. This study permitted assessment of several parameters including mean mass and snout-vent length of gravid females, size at sexual maturity, the number of gravid to non-gravid mature females at hibernacula, mean litter size, mean mass lost at parturition (birth), growth between reproductive intervals, reproductive frequency, and timing of reproduction, and provided information on the location of rookeries in relation to hibernacula. This knowledge contributes to our understanding of the species capacity to recover should populations decline, and a measure of the resilience of the species and its habitat to direct or indirect environmental pressures, aiding wildlife managers to determine the appropriate conservation status.
Mean litter size at our study sites varied from approximately 8 to 9.5 ova or embryos per mature female (range of 4-13) among four hibernacula. Litters are therefore intermediate in size relative to other northern prairie rattlesnake populations. The smallest sexually mature female identified measured 68.5 cm long. Age at sexual maturity among females was liberally estimated to be between four and eight years of age, encompassing the range of estimates for other northern prairie and western rattlesnake populations. The ratio of gravid to non-gravid females sampled in our study fluctuated widely between years at both hibernacula. The reproductive histories of 57 mature adult females were followed over three years but we only determined the reproductive frequency of six mature females at one hibernaculum. Three females exhibited a two year reproductive cycle and three exhibited a three year reproductive cycle. Twelve rookeries were located during the study and all occurred within 500 meters of known hibernacula. In addition, several rookeries were associated with each hibernaculum. These observations are similar to other studies of the Alberta population of rattlesnakes and to other populations in the northern portion of the species' range. The composition, location and aspect of rookeries appeared to be largely dependent on local conditions and opportunities available in the vicinity of hibernacula. Some gravid females were observed to occupy more than one rookery during gestation. Twenty-one gravid females began dispersing from hibernacula from late April to early June. Gravid females were first detected at rookeries in early May and parturition occurred between mid-August to mid-September. The greatest number of neonates counted at a single den site ranged from six to 18. Some gravid females were observed to occupy more than one rookery during gestation. Movement during gestation may provide additional foraging opportunities or may be the result of perceived threats at one rookery (e.g. predators), resulting in relocation to another rookery.
vii Recommendations for future research and management of rattlesnakes in Alberta include increasing setback distances for human activities around hibernacula to 500 metres, advising caution in the use of implanted radio-transmitters to track gravid females, and identifying hibernacula where the persistence of a population is a concern. At hibernacula where the persistence of populations are a concern managers should consider the value of enhancing habitat for rattlesnake prey and providing additional cover for gravid females in the vicinity of hibernacula. We recommend additional research to quantify direct mortality sustained as a function of human activities, particularly agriculture, the effects of which are less easily measured than road mortality. Continued study of marked females would provide more detailed information regarding variation in reproductive characteristics of female rattlesnakes in Alberta.
INTRODUCTION
Reproduction is a critical component of the life history of all wildlife species. Knowledge of the reproductive biology of a species can, among other things, provide an indication of the species capacity to recover should populations decline, and a measure of the resilience of the species and its habitat to direct or indirect environmental pressures, aiding wildlife managers to determine the appropriate conservation status. In Alberta, the prairie rattlesnake is designated as "May Be at Risk" of extinction under The General Status of Alberta Wild Species 2005 (Alberta Sustainable Resource Development 2006). However, relatively few scientific investigations of prairie rattlesnakes, Crotalus v. viridis, have been conducted in Alberta (Powell et al. 1997 , Didiuk 1999 ) and many aspects of the biology of the Alberta population are not well described. The species has been the subject of several short-term scientific investigations in Saskatchewan (Gannon 1980; Gannon and Secoy 1984; Gannon and Secoy 1985, MacKay 1987; Macartney and Weichel 1989 , Macartney and Weichel 1993 , Kissner et al. 1996 ) and long-term scientific investigations in Wyoming (Duvall et al. 1985 , Duvall et al. 1990 , King and Duvall 1990 , Graves and Duvall 1993 . Consequently, much of our detailed knowledge of the species' biology is derived from other regions.
Extrapolation from studies of prairie rattlesnakes occupying similar environments may be appropriate and necessary, but prairie rattlesnakes are broadly distributed (north-central Mexico to southeastern Alberta and southwestern Saskatchewan), and reproductive traits and behaviours may vary in response to environmental conditions that differ across the species' range. In Alberta, the prairie rattlesnake is currently legally designated as "data deficient", although anecdotal evidence suggests that their numbers have declined. Both the current legal designation and the apparent decline of prairie rattlesnakes in Alberta suggest a need for local studies to assess aspects of the species biology that will contribute to our understanding of population trends, facilitating the future recommendation of an appropriate legal designation by the Alberta Endangered Species Conservation Committee.
Our research on the behaviour and ecology of prairie rattlesnakes near Medicine Hat, Alberta provided an opportunity to gather information on a number of aspects of female prairie rattlesnake reproductive biology. We used mark-recapture to follow the reproductive histories of females at two hibernacula over a three year period (2004) (2005) (2006) , to gain knowledge regarding reproductive traits and behaviours of female prairie rattlesnakes in this region. In addition, we used radio-telemetry to track the movements of female prairie rattlesnakes. Although the majority of radio-tagged rattlesnakes were nongravid females, we found that initial movements of these females away from hibernacula often revealed the locations of rookeries where gravid females were aggregated, facilitating observations of gestation and parturition (birth). This study permitted assessment of several parameters including mean mass and snout-vent length of gravid females, size at sexual maturity, the number of gravid to non-gravid mature females at hibernacula, mean litter size, mean mass lost at parturition, growth between reproductive intervals, reproductive frequency, and timing of reproduction, and provided information on the location of rookeries in relation to hibernacula. Knowledge of these traits and their variability is important in future assessments of the effects of direct and indirect environmental pressures on prairie rattlesnake populations in southeastern Alberta, in determining their resilience to these pressures, and in developing appropriate management strategies for their conservation.
STUDY AREA
The reproductive status of mature female prairie rattlesnakes was monitored and assessed over a three year period (2004) (2005) (2006) at hibernacula within the South Saskatchewan River Valley lowlands near Medicine Hat, Alberta (50° 1' N; 110° 43' W). Two hibernacula were sampled within one study area approximately 20 km north of Medicine Hat. This study area was primarily provincial land under grazing disposition consisting of native mixed-grass prairie, with limited amounts of privately owned land subject to cultivation. Significant oil and gas development has also occurred in this area. Two hibernacula were sampled in a second study area approximately 13 km west of Medicine Hat. The land in the river valley surrounding these sites was privately owned and leased land consisting of native mixed-grass prairie subject to cattle grazing, while the associated upland consisted almost entirely of privately owned cultivated land (both dry land and irrigation) with some tame pasture and rural residential development. The two study areas were approximately 26 km apart.
METHODS
Characteristics of gravid females
During the active seasons (April to October) of 2004 and 2005 drift fences were erected at two hibernacula (hereafter referred to as hibernacula 1 and 2), one within each of the two study areas. Funnel traps were installed and checked on a daily basis to capture snakes leaving the hibernaculum in the spring and returning to the hibernaculum in the fall, but traps were removed between these times to allow free movement of snakes for the remainder of the active season. In the spring of 2006, captures were made opportunistically at hibernaculum 1, and hibernaculum 2 was not visited. In the fall of 2006 funnel traps were again installed at hibernacula 1 and 2 to allow recapture of as many marked rattlesnakes as possible. Two hibernacula (hereafter referred to as hibernacula 3 and 4), one within each of the two study areas, were not fenced. Instead, these sites were visited several times in the fall of 2005 (between 8 to 29 August) and rattlesnakes were captured opportunistically at hibernaculum openings. Rattlesnakes captured at each of the four hibernacula were scanned for passive integrated transponder (PIT) tags (AVID) that might previously have been implanted, measured, sexed, palpated to identify and count food boli and/or developing ova or embryos, marked with a PIT tag if not previously captured, weighed and released. Neonates and juvenile rattlesnakes with snout-vent lengths of less than 45 cm were not marked. The number of developing embryos or ova detected during ventral palpation was used as an index approximating litter size because it was rarely possible to assess clutch size at parturition for freeranging females.
Size and age at Sexual Maturity
As in other studies of reproduction in rattlesnakes, we estimated the size at sexual maturity for females as the shortest snout-to-vent length (SVL) of a female captured with enlarged ova or with embryos. Variation in size at sexual maturity was estimated for females whose reproductive history was followed from the time they were juveniles (shorter than our threshold SVL value) to the time when enlarged ova or embryos were first detected. It is extremely difficult to reliably estimate the age of a rattlesnake that has not been marked since birth because growth of rattlesnakes is variable depending on resource acquisition and conversion efficiency, and can potentially be influenced by environmental factors (e.g., temperature). When a rattlesnake's rattle is complete it indicates how many times a rattlesnake has shed since birth and provides an estimate of age if shedding frequency is known (Gannon 1980, Macartney and Weichel 1989) ; however, observations of shedding frequency have demonstrated that in some cases a rattlesnake will not shed in a year of limited growth or it may shed as many as three times in a year of extreme growth (D. Jørgensen, unpubl. data; Diller and Wallace 2002) . Years of extreme growth are commonly observed among young rattlesnakes and more often result in 2 sheds/year. Therefore estimates of age at sexual maturity based on calculations using a fixed number of sheds per year should be considered rough estimates. Based on this information, age at sexual maturity was estimated using 1 shed per year as an upper limit and 2 sheds per year as a lower limit.
Reproductive frequency
In short-term studies or studies that do not follow marked individuals, reproductive frequency of females is commonly based on the ratio of the number of gravid to nongravid mature females in a population (Macartney and Weichel 1993) . For example, if half of the mature females captured at a hibernaculum in spring are gravid it is estimated that the reproductive cycle is biennial, or if a third of the mature females captured are gravid then the reproductive cycle is estimated to be triennial.
In this study, the ratio of gravid to non-gravid mature females at a hibernaculum was estimated based on information gathered during both spring and fall captures. When females with developing ova were detected returning to the hibernaculum in the fall they were assumed to be among the gravid females at the hibernaculum the following spring regardless of whether they were recaptured, and were therefore counted as gravid females in the annual ratio calculation. Similarly, non-gravid females detected in the fall were assumed to be among the non-gravid females at the hibernaculum the following spring regardless of whether they were recaptured and were therefore counted as non-gravid females in the annual ratio calculation. Of the 57 mature females captured a combined total of 146 times during our mark-recapture study at hibernacula 1 and 2 (Appendix 1 and 2), our assessment of reproductive status only proved incorrect in one instance when a female that was judged to be non-gravid in the fall was found to be post-partum (i.e., had given birth) the following fall.
The reproductive status of females was determined by ventral palpation at the time of each capture. Females were classified as either non-gravid, carrying developing ova or gravid. Assessing reproductive status allowed us to construct a reproductive history of individual females over the duration of the study, potentially permitting assessment of the reproductive frequency of individual females. We defined the reproductive frequency of an individual as the time in years between detecting enlarged ova in one season and enlarged ova in another season, or detecting embryos in one season and embryos in another season.
Rookery locations and the timing of reproduction
While radio-tracking non-gravid females during their initial dispersion from hibernacula, some shelter sites they selected were found to be occupied by other rattlesnakes. These other rattlesnakes were captured using snake tongs and were scanned for a PIT tag, if none was found they were measured, sexed, palpated to identify and count food boli, developing ova or embryos, marked with a PIT tag, weighed and released. These locations were then recorded and named using a handheld GPS unit (Garmin 12 XL) and the PIT tag numbers of individuals occupying these sites were recorded. These sites were subsequently revisited to monitor whether they continued to be occupied by rattlesnakes throughout the active season, whether they were occupied by the same individuals, and whether these individuals were gravid females. Repeated observations of the presence of gravid females at a site during the gestation period were considered one indication of the occurrence of a rookery. A second indication of the occurrence of a rookery involved confirmation of parturition at a site.
RESULTS
Characteristics of gravid females
We captured between eight and 23 gravid females at each hibernaculum between 2004 and 2006 (Table 1) . Mean SVL across sites varied from 79.7 + 7.3 cm to 87.1 + 9.1 cm, while the shortest gravid female measured 68.5 cm and the longest measured 106.7 cm. Mean mass across sites varied from 384.8 + 107.7 grams to 421.8 + 134.9 grams, with the smallest gravid female weighing 260 grams and the largest weighing 698 grams. Mean litter size across sites varied from 7.9 + 2.6 to 9.5 + 1.5, ranging between 4 and 13 ova or embryos. The percent mass lost at parturition was measured at hibernacula 1 and 2 because these are the only sites where females were marked and recaptured. The mean percent mass lost at parturition varied from 32.1 + 8.1% to 38.0 + 6.5%, ranging between 22.6% and 45.4%. NA -not applicable, females were not recaptured precluding measurement of mass loss.
Size and age at first reproduction
The smallest gravid females identified at each of the fenced hibernacula were similar in size. At hibernaculum 1 the smallest gravid female was 68.6 cm long and weighed 260 grams, whereas at hibernaculum 2 the smallest gravid female was 68.5 cm long and weighed 285 grams (Table 2) . To estimate the age at first reproduction we considered two gravid females with complete rattles that were known to be gravid for the first time based on length and mark recapture history. Two females with complete rattles possessed eight rattle segments plus the button when we determined they were gravid. We can conservatively estimate the age of first reproduction based on the assumption that if these females shed twice a year since their birth they would be approximately four years of age when they mated and approximately five years of age at parturition. At the upper limit we estimate that if these females shed only once per year since their birth they would be in their eighth year when they mated and in their ninth year at parturition.
The variable "Female #" which appears in Tables 2, 4, 5 and 6 refers to specific females whose identification number is listed in Appendix 1 and 2 in association with their hibernaculum of origin and reproductive history. 
Reproductive frequency
The counts of gravid to non-gravid females varied greatly across years at each site and often included the same females. At hibernaculum 1, counts of gravid to non-gravid females were 13:7, 2:19 and 9:9 in 2004, 2005 and 2006 respectively resulting in ratios that varied from 0.1:1 to nearly 2:1. At hibernaculum 2, counts were 10:4, 3:15 and 3:12 in 2004, 2005 and 2006 respectively resulting in ratios ranging from 0.2:1 to 2.5:1. Of the 57 mature females captured and marked at the two hibernacula, reproductive frequency could only be determined with certainty for six individuals that were either gravid twice between the spring of 2004 and fall of 2006 or gravid once and carrying enlarged ova in the fall of 2006 (Table 4 , 5, 6). All six of the females for which reproductive frequency was known are from hibernaculum 1; three of these females were gravid at a two-year interval and three were gravid at a three-year interval. The mean snout-vent length of gravid females reproducing at a two year interval and that of females reproducing at a three year interval was not significantly different during the first observed reproduction, nor was it significantly different during the second observed reproduction ( Table 5 ). The same was true of the mean mass during both pregnancies (Table 4) . Females reproducing at a three year interval grew significantly more between pregnancies than individuals reproducing at a two year interval (t = -3.73, p = 0.02, df = 4). However, accounting for the difference in the number of years over which this growth took place there was no significant difference (t = -2.58, p = 0.06, df = 4). Females reproducing at two year intervals weighed less during their second observed reproduction than they did during their first but this difference was not significant (t = 0.89, p = 0.41, df = 4). Females reproducing at three year intervals weighed more during their second observed reproduction than they did during their first but this difference was also not significant (t = -1.52, p = 0.20, df = 4).
During their first observed reproduction females reproducing at a two year interval carried significantly more ova than females reproducing at a three year interval (t = 3.07, p = 0.04, df = 4, Table 6 ). There was no significant difference in the number of ova carried by the two classes during their second observed reproduction (t = -0.98, p = 0.38, df = 4). Females reproducing at a two year interval carried an average of 2.7 + 2.5 fewer ova during the second observed reproduction than they did during the first, while females reproducing at a three year interval carried an average of 2 more ova. The number of ova produced per year by a female reproducing at a two year interval was significantly greater than the number of ova produced per year by a female reproducing at a three year interval (t = 5.13, p = 0.007, df = 4).
Rookery locations and the timing of reproduction
Twelve rookeries were identified in association with three hibernacula based on the presence of gravid females during the active season or neonates during parturition, or both ( Table 7) . All twelve rookeries were within 500 m of known hibernacula. In one instance a female was observed to use a hibernaculum as a rookery. The composition and location of rookeries appeared to be largely dependent on local conditions and opportunities available in the vicinity of the hibernaculum. At hibernaculum 1 several rookeries were associated with large sedimentary rocks which were common in this area ( Figure 1) ; however, one rookery consisted of an opening in a slump block near the river. Few large rocks occurred in the area surrounding hibernaculum 2 and abandoned mammal burrows generally served as rookeries ( Figure 2) . The aspect of rookeries also appeared to vary greatly depending upon where suitable rocks, burrows and cover were located. Despite a great deal of variation in aspect it is likely that micro-site conditions are similar among sites, as all of the sites appeared to offer excellent protection from prevailing winds, and prolonged exposure to the sun in close proximity to secure cover. Rookeries did not tend to occur in any consistent bearing from hibernacula but did tend to occur either within the riparian area or along valley breaks. Some gravid females moved between rookeries during gestation while others remained at a single site until parturition.
A large number of females were gravid at hibernaculum 1 and hibernaculum 2 in 2004 and this facilitated the characterization of some aspects of the timing of their reproductive activities. At hibernaculum 1, we began capturing dispersing gravid females in funnel traps at drift fences on 26 April and the last gravid female was caught while dispersing on 4 June. The first gravid female was detected at a rookery associated with hibernaculum 1 on 2 May. Rookeries at hibernaculum 1 were occupied by as few as one gravid female and as many as four. The first neonates were observed at a rookery on 18 August. The greatest number of neonates counted at a single rookery at any one time was 18 and this site was occupied by four gravid females. During a daily count of neonates on 26 August the greatest number of neonates counted was 34 occurring at four rookeries. At hibernaculum 2 we began capturing dispersing gravid females in funnel traps on 25 April and the last gravid female was captured while dispersing on 3 May. The first rookery occurring in association with hibernaculum 2 was identified on 22 July. The number of gravid females at any single rookery ranged from one to two. The first neonates were observed at two rookeries on 6 September. The greatest number of neonates counted at a single rookery at any one time was six, and the most neonates observed on a single day was 13 occurring at three rookeries on 12 September. 
DISCUSSION
Characteristics of gravid females
Gravid females at our study sites in Alberta were shorter, on average, than those studied by Gannon and Secoy (1984) in Saskatchewan (1976: mean = 97.6 cm, N = 33; 1977: mean = 96.5 cm, N = 20; range 76.8 to 115.0 cm), but longer than gravid females studied by Graves and Duvall (1993) in Wyoming (mean = 73.2 + 0.79, N = 68). The mean snout-vent length and mass of gravid females was relatively consistent among hibernacula within our study, although hibernacula where fewer gravid females were sampled tended to encompass a narrower range of lengths and masses.
Mean litter sizes were relatively consistent among hibernacula sampled in this study, varying from approximately 8 to 9.5 with a range of 4 to 13 developing ova or embryos per mature female. Powell et al. (1997) observed a similar range of litter sizes among gravid females at a nearby study site in southeastern Alberta (1-13 young, median = 7). Litter sizes in Alberta are larger than those reported for gravid females studied by Kissner et al. (1996) in Grasslands National Park Saskatchewan (6.8 + 1.6 neonates) but smaller than those reported by Macartney and Weichel (1993) in the west block of Grasslands National Park in terms of both absolute number (10.2 + 2.6, n = 25) and the range of litter sizes (8-16 young). Consistent with the later results and overlapping with our own results, an earlier study conducted by Gannon and Secoy (1984) on a northern sub-population of prairie rattlesnakes near Leader Saskatchewan reported litter sizes of 10.2 + 0.6 in 1976 and 9.0 + 0.8 in 1977. In contrast to Canadian populations of prairie rattlesnakes, Graves and Duvall (1993) determined that the mean number of mature ova per pregnant female in Wyoming was 5.2 + 2.6, n = 51. As is common in most snake populations their data showed that larger snakes produce larger litters than smaller snakes, which is consistent with our observation that prairie rattlesnakes in Alberta and Saskatchewan, which are typically larger than those in Wyoming, also appear to produce larger litters.
The percent mass lost at parturition was consistent between hibernacula 1 and 2 in terms of both mean mass lost and the range of observed losses. These values are comparable to the 37 % loss of mass at parturition reported for Crotalus oreganus in British Columbia (Macartney and Gregory 1988) .
Size and age at first reproduction
The smallest sexually mature female identified in our study measured 68.5 cm long with a second sexually mature female measuring 68.6 cm long. The smallest sexually mature female encountered by Graves and Duvall (1993) in Wyoming measured only 62.0 cm. While in Saskatchewan, Kissner et al. (1996) found that the smallest female containing enlarged ova or embryos measured 70.5 cm.
Age at sexual maturity among females at our study site was liberally estimated to be between four and eight years of age. Our observations of variation in size at sexual maturity are consistent with those of Macartney and Weichel (1993) . Their study of prairie rattlesnakes found that one female was sexually mature at 78.5 cm having mated at the end of her third or fourth growing season, but most (23 of 25) gravid females were greater than 83.0 cm long and would be sexually mature at four or five years of age, producing litters at five or six years of age. Similarly we observed that two females reproducing for the first time were relatively small (68.5 and 68.6 cm) but the only other females known to be reproducing for the first time measured between 82.0 and 83.2 cm ( Table 2 ). There were a number of gravid females intermediate in size (between 68.5 and 83.2 cm long) that were suspected to be gravid for the first time, but because their reproductive histories were incomplete we could not determine this with certainty. Our estimate was also consistent with the findings of Macartney et al. (1990) who estimated that female C. oreganus in British Columbia mature at 5 to 7 years of age (65.0 cm) and have their first litter at 7 to 9 years of age (70.0 to 76.0 cm).
Reproductive frequency
Prairie rattlesnakes were generally thought to reproduce annually across their range until Rahn (1942) showed evidence of a two-year reproductive cycle among mature female Crotalus viridis viridis in Wyoming based on his examination of mature female specimens. Behavioural studies of prairie rattlesnakes supported the hypothesis that the reproductive cycle is superannual, observing that rookeries and foraging areas are spatially separated and that each are attended by only a portion of mature females in a given year (Duvall et al. 1985; Graves and Duvall 1993) .
Counts using the ratio of gravid to non-gravid mature females to estimate reproductive frequency have lead researchers to conclude that the reproductive cycle among mature female prairie and western rattlesnakes is biennial, triennial or quadrennial (Macartney and Gregory 1988; King and Duvall 1990; Graves and Duvall 1993; Macartney and Weichel 1993; Kissner et al. 1996) . The counts of gravid to non-gravid mature females captured by Graves and Duvall (1993) in Wyoming were 10: 10, 9:8, 10:6, 11:52, and 14:27 for 1982, 1983, 1984, 1986, and 1987 , respectively. These samples suggest statistically significant differences in proportions of females of adult size that are pregnant between years. Similarly the ratio of gravid to non-gravid females of adult size sampled in our study fluctuated widely between years at both hibernacula. For example, at hibernaculum 1, two thirds of the females of adult size were gravid in 2004 while only approximately one tenth of them were gravid in 2005 (Table 3 ). The ratio of gravid to non gravid females was highest at hibernaculum 1 and 2 in 2004 and lowest in 2005.
Considering that most females at each site were marked and recaptured, and assuming that reproduction is typically not annual, it is not unexpected that few females were gravid in 2005 because the majority of females were gravid in 2004.
In contrast, Kissner et al. (1996) found that gravid female prairie rattlesnakes consistently represented approximately half of all females of adult size: 46:29 (61% gravid), 27:21 (56% gravid), and 11:14 (44% gravid) in the fall of 1994, the spring of 1995 and the fall of 1995 respectively. In a study of the same population Macartney and Weichel (1993) pooled their data for mature females at all hibernacula in their study area (SVL > 830 mm, n = 40). They calculated a ratio for gravid to non-gravid females of 0.6:1 suggesting that the reproductive cycle is at least biennial. Two other studies conducted on this population also found that approximately 50% of females of adult size were gravid in a given year (Gannon and Secoy 1985; Macartney and Weichel 1989) supporting the suggestion that the female reproductive cycle is at least biennial. Nonetheless Kissner et al. (1996) did capture four mature females that were gravid in the fall of both 1994 and 1995 indicating that some females in this population are capable of annual reproduction.
In another study of prairie rattlesnakes in Wyoming, King and Duvall (1990) captured 26 gravid females and 56 non-gravid females as they emerged from hibernacula between 1982 and 1984. The resulting ratio lead King and Duvall (1990) to speculate that a triennial reproductive cycle is most typical of mature females at their study site, a position that they felt was strengthened by the fact that they collected samples over several successive seasons. However, if we compare this with Graves and Duvall (1993) who also sampled in Wyoming from 1982 to 1984 but also sampled in 1986 and 1987, we find that the counts of 1986 (11:52) and 1987 (14:27) in isolation would result in a completely different estimate of reproductive frequency.
It appears that when ratios of gravid to non-gravid mature females within a population are compared over several consecutive years they are rarely consistent (e.g. Graves and Duvall 1993) , and therefore this approach cannot be considered a reliable means of estimating the reproductive frequency of a population, particularly in short-term studies where the potential range of variation may not be represented. At a study site such as our own where we likely captured the majority of mature females at our fenced hibernacula, it is not surprising that if most females are gravid one year, then most will not be gravid in the next, because annual reproduction is uncommon. In cases where numbers of gravid and non-gravid females were approximately equal over several sampling periods, high prey availability could allow for more females with a biennial rather than triennial reproductive cycle. If the reproductive cycle was consistently biennial, equal ratios might be maintained unless the system was perturbed by disturbances contributing to large fluctuation in prey availability (e.g. fire, cultivation).
A potentially more reliable means of determining the reproductive frequency of mature female rattlesnakes is to assess the reproductive status of individuals over several years to follow their reproductive histories, although this can be highly labour intensive, time consuming and potentially disruptive to rattlesnakes, and the outcome may be inconclusive. Of the six mature females for which the reproductive frequency was successfully determined in our study, three exhibited a two year reproductive cycle and three exhibited a three year reproductive cycle. Some females appear capable of recuperating sufficient body fat reserves during a single active season in the year following parturition, resulting in a biennial reproductive cycle, but others exhibiting a triennial reproductive cycle, must have to forego reproduction because of a lack of body fat, and feed for an additional active season (Macartney and Gregory 1988) .
Although we did not determine the typical reproductive frequency of prairie rattlesnakes in southeastern Alberta, the finding that females exhibit both two year and three year reproductive cycles at a single hibernaculum within the same period of time is informative. This observation requires us to consider intrinsic and extrinsic factors that could potentially influence the probability that a female becomes gravid in a given season. Body fat reserves are believed to be critical to reproduction in female rattlesnakes (Blem 1982; Diller and Wallace 1984; Macartney and Gregory 1988; Charland and Gregory 1989; Brown 1991) ; therefore, foraging success should presumably play a key role in determining reproductive frequency (Aldridge 1979; Charland and Gregory 1989; Macartney and Weichel 1993) . Several researchers have suggested that rather than being fixed, reproductive frequency could vary from cycle to cycle depending on the amount of prey available between cycles (Aldridge 1979; Blem 1982, Gannon and Secoy 1984) . The ability to secure resources (food and mates) necessary for reproduction could be limited by intrinsic factors such as female size (Blem 1982) , which could limit the size of prey consumed or attractiveness to reproductive males; tradeoffs between growth and storage of acquired resources; and behaviours that could be maladaptive. Extrinsic factors are perhaps more likely to limit the ability of a mature female to secure resources, particularly in the northernmost limits of the species' range. These factors may include: intraspecific competition; environmental conditions affecting the amount of time available for foraging (Duvall et al. 1982 ); environmental conditions that might limit productivity and the availability of prey (Diller and Wallace 1984) ; and anthropogenic disturbance that might alter the availability of prey, mates and cover. Although we cannot draw any conclusions regarding the contribution of intrinsic and extrinsic factors to variation in reproductive frequency, our work has shown that this variability is indeed observed among individuals in populations of prairie rattlesnakes in Alberta. Additional long-term research is required to determine whether the reproductive frequency of an individual tends to be variable, while also tracking the influence of intrinsic and extrinsic factors that could contribute to variation.
Rookery locations and the timing of reproduction
All twelve rookeries located during our study were within 500 m of known hibernacula. Two other studies conducted in Alberta reported dispersion distances for tracked gravid female prairie rattlesnakes. Didiuk (1999) radio-tracked two gravid females from a known hibernaculum in May and June 1995. In that study, gravid females travelled a straight-line distance of approximately 1 kilometre from their respective hibernacula to sites along the banks of the South Saskatchewan River where they used mammal burrows and piles of driftwood for shelter, the later of which would seem to be less permanent than any rookery that we observed. The gravid females tracked by Didiuk travelled approximately twice the straight-line distance from hibernacula than those observed in our study. Fast (2003) radio-tracked one gravid female in southeastern Alberta that was initially captured after it had already left its hibernaculum. In this instance, the location of the hibernaculum was unknown so the maximum displacement of the rattlesnake was estimated based on the furthest perpendicular distance of the snake from the river, which was 640 metres and was believed to be an overestimate. In contrast to gravid females that remained in riparian areas or on valley breaks as observed by Didiuk (1999) and our own study, the female tracked by Fast (2003) moved into upland prairie habitat away from the riparian area. In Wyoming, Graves and Duvall (1993) tracked three gravid females from one hibernaculum to three separate rookeries. These three females travelled 540 metres, 30 metres and 600 metres to reach rookeries. Both the observation of multiple rookeries associated with a single hibernaculum and the distances travelled by these gravid females to reach rookeries are relatively consistent with observations from studies in Alberta, although a larger sample from Wyoming would be necessary to determine whether rookeries in Wyoming tend to be further from hibernacula than those in Alberta.
The annual timing of activities of gravid females likely depends on individual variation and variation in environmental conditions. Despite variation in the timing of activities we suggest that our females at rookeries in 2004 should provide a good indication of variation in the timing of dispersion from hibernacula, arrival at rookeries, gestation and parturition.. In our study some gravid females were observed to occupy more than one rookery during gestation. Keenlyne (1972) reported that gravid females may feed infrequently or not at all during gestation. Therefore movement during gestation may provide opportunities for foraging that would not otherwise be available if the rattlesnake remained at a single rookery until parturition, particularly if that hibernaculum sheltered a large aggregation of gravid females. Alternatively, movement between these sites may be the result of perceived threats at one rookery (e.g. predators), resulting in relocation to another site. In one instance a rookery consisting of a burrow in the sand was excavated and destroyed by a coyote (Canis latrans) and the marked female occupying that site was never recaptured suggesting that there are some threats to gravid females occupying rookeries. Regardless, it is apparent that some gravid females seem to be aware of the location of more than one rookery and that these sites may in a sense be considered a network among which the gravid females can move during gestation.
RECOMMENDATIONS FOR FUTURE RESEARCH AND MANAGEMENT
Although we were only able to determine reproductive frequency of six females, a secondary examination of the reproductive histories gathered reveals that no individuals were gravid on an annual basis. Furthermore, annual reproduction appears unlikely in this population considering that many females were non-gravid in the spring and carrying developing ova in the fall, which is indicative of at least a two year reproductive cycle. Therefore regardless of our small sample size, we can state with certainty that reproduction is slow in this species in Alberta, which may limit their ability to recover from direct and indirect environmental pressures. We recommend additional research to quantify direct mortality sustained as a function of human activities (e.g. roads and agriculture), particularly agriculture, the effects of which are less easily measured than road mortality. Knowledge of mortality and reproductive biology of rattlesnakes will allow us to more reliably model the likelihood of persistence of populations in various landscapes throughout southeastern Alberta.
Rookeries are critical to the survival of both gravid females and neonates that are born at these sites. Rookeries tend to be close to hibernacula, which is likely an adaptation to reduced ability to move and limited energy reserves available to these individuals. Any persistent factors that might compromise the integrity of rookeries, hibernacula or the intervening habitat would certainly have a disproportionate effect on the survival of gravid females and neonates, reducing the likelihood that a population will persist, particularly if other pressures exist (e.g. human caused mortality of migrants). In light of our findings that rookeries typically occur within approximately 500 metres of hibernacula, we recommend that the current setback distances limiting human activities within 200 metres of hibernacula be extended to 500 metres to better ensure the protection of rookeries, hibernacula and the intervening habitat. Furthermore, we recommend that a setback of 200 metres be applied to rookeries occurring greater than 500 metres from a known hibernaculum.
It has been suggested that to locate additional rookeries for future protection, gravid females should be captured at hibernacula after emergence, implanted with radiotransmitters and followed to rookeries (Kissner and Nicholson 2003) . We would recommend caution in applying this as a widespread strategy because implantation of radio-transmitters in gravid female prairie rattlesnakes early in the active season is believed to result in resorbed follicles (Graves and Duvall 1993) , delaying reproduction by at least one year. The same study found that gravid females implanted with radiotransmitters later in the active season continued pregnancy through parturition. In our research we found that non-gravid females often use rookeries as shelter during initial dispersion from hibernacula revealing the location of aggregations of gravid females. Therefore implantating radio-transmitters with batteries programmed to last at least two active seasons in non-gravid females might be considered an alternative means of identifying rookeries without potentially jeopardizing successful reproduction of gravid females.
Human activities and modifications to the landscape surrounding hibernacula (e.g. roads and cultivation) contribute to increased risk of mortality of prairie rattlesnakes. If in the future measurable declines are documented within populations, and these declines are thought to threaten their persistence, managers should consider supporting research that measures the effects of enhancing habitat that supports common prey items (e.g. deer mice or ground-nesting birds) in the vicinity of hibernacula and rookeries in areas where landscapes have been altered by human activities. In addition, provision of cover (e.g. table rock in a strategic location) in areas where existing rookeries do not offer significant protection from predators (e.g. sand dominated sites) or where rookeries are considered scarce could increase survivorship of gravid females and neonates.
Annual visits to rookeries studied in this report would allow us to accumulate additional data on marked gravid females, providing more detailed information regarding variation in female reproductive characteristics. A low frequency of visits to rookeries is recommended to ensure the integrity and security of these sites is maintained for gestation and parturition.
